Let us now consider the edge of the cathode. Because beyond the edge there is no emission, no or little space charge, the barrier near the edge must be lower than that in the center part as shown in Fig. 3(b) .
However, since the motion inside the cloud is directed in every direction with the same probability, there must be some electrons moving transversely and crossing the barrier with a higher probability than in the center part. Figure 3( 
( 2) where je is the emission current density, ja is the anode current density, 5 and n are the normalized coordinate and potential relative to the virtual cathode, on which 5 = n = 0 (see Fig. 5 ). T-I, is the normalized height of the barrier. 9 is the error function. They are:
where a is the distance from the cathode, z m is the position of the virtual cathode. The above quantities are dimensionless except C, which has units cm -1 . The units of ja are amp/cm2, and T, degree Kelvin.
The function (.2) is shown in Fig. 6 . zm vs. anode current density ja as a function of the ratio of the emission current to anode current is shown in Fig. 7 .
In addition, the current density crossing the equipotential line with potential V, is:
e je e
Suppose the width of the edge border is W (Fig. 4 ), then we have: 
-Substituting C and sina one can obtain: Jed = Jje w yl,)
The numerical solution of the function fl(n,) is shown in Fig. 8 .
It shows that fl(.qm) changes not much when n varies over a wide range.
It approaches a constant when n is greater than 5, which is generally satisfied at very low voltage.
To evaluate the increment of the anode current due to the edge emission, one should deduct the original anode current emitted from the edge area, which equals ja W. Then one obtains: Fig. 3(b) .
(The solid lines are higher than the dashed lines.) On the contrary, the anode current emitted from that area is reduced. Therefore, the net increment of the total anode current will be less than the edge emission calculated above.
The current density which crosses the barrier with a normalized height of n, is ja = je e -nm .
Suppose the increment of the barrier due to the space charge of the edge current is An m' rim = I-I,, + A vrn = n,,(l + 6) - In a real tube the edge of the cathode is not a boundary between two sections of the same plane as in the idealized case ( Fig. 3(a) ). Fig. 11 
